U NCLASSIFIED

v 273 524

Reproduced
by lhe

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

S

UNCLASSIFIED




Best
Available
Copy



NOTICE: When government or other drawings, 8peci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U, s,
Government thereby incurs no responsibility, Doy any
obligation whatsoever; and the fact that the

Govern-
ment may have formulated, furnished, or in any wa
supplied the salid drawings, specifications, or otier

data is not to be regarded dby implication or other-
wise as in any manner licensing the holder or
other person or corporation, or conveying any
or permission to manufacture, use or sell any Tights

patented invention that may in any way be relateg
thereto.



UNIVERSITY OF WASHINGTON
DEPARTMENT OF

METEOROLOGY AND CLIMATOLOGY

Scientific Report

Office of Naval Research Contract 477(24) (NR 307-252)

'-35 STATION ARLIS| OCEANOGRAPHY

Part i, Results

19¢75 and 1961

BY G. E. BRAYTON

¢2- 2 ¢«

FEBRUARY 1962



AMERICAN
ICE STATION TRACKS

160°

140°

Y STATION
CHARLIE

759

& ‘ANKS.. ;'=,._
x _!SLAND

{ 80°

180°

Fig. 1



‘,
Y
170° 180° 166° 184 162¢
7%
Mar. 17, 1961
n7,18
' ar. 9 Jan, 2
f 115,16 QRIS
| 2 6570
v 77,78 717252
; ENLARGED 9,80 73,74
' Jan. |, 1981
. 84
B2 75,76
Jan. 18
n
TEMPERATURE AND SALINITY T
T4
170* 168 66° 164° 162*




64° 162* 1e0° 0e* 156° 184¢ 182°

— T L) 1| 1
] 166°00’ 48’ 30 108°18' \ ,
T4°88 T T T T4°88

a8’ 48’
Jan, 22
67,68
Dec. 26 L
w8 2,725°78 -—/Q Meed 74040’
73,74 [ 166°00 a8 30' 168°18'

Jan. i,

75,76

TEMPERATURE AND smm‘rv%

162° 160°




OCEANOGRAPH3
LOCATI

ARLIS - |

TRACK

SEPT. 10, 1960 - M{




“e*

144° e 140°

2 A Sept. 28

ARLIS-1

TRACK AND
OCEANOGRAPHIC STATION

LOCATIONS

SEPT. 10, 1960 - MARCH 17, 1961

140"

T8

T4




PART I - TABLE OF CONTENTS

mm............‘........

INTRODUCTION

PREPARATION AWD ESTABLISEMINT OF THE ICE STATION

METBODS OF FITLD SAMPLING . . « o« &

Balinity « ¢ ¢« ¢ o ¢ o ¢ ¢ o o
Temperature

B ¢ ¢ o o o ¢ o ¢ ¢ & o o

¢ 8 o o o o b 0 o

% 0 ¢ 0 0 & B 0 & " " s 0P 9

Depth Soundings & Bottom Samples

Current Msasurements .

MRTHODS OFF DACA AMALISIS

DESCRIPTION OF PHVSICAL PROPERTIES

Distridbution of Temperature .
Distribution of Salinity . .

PRELIMINARY DISCUSSION (F OCBANOGRAPHY

.

® o ® o o

VOVE® O & N

E 5

E

8 &




List of FPigures

Pigure I o o o ¢ oo oo oo« « o o Ice Btations
| Figure II .
PIgWe III . . v e e o o o o + o . Towperature 4-1200 m.
FIQUre IV . o ¢ « o o s ¢ e ¢ o o « o Enlarged Tempersture
PLgure V. oo oo oo s oo . Balinity 5-1200 m.
FIgue VI . « ¢ o s e o o o o o « . . Enlarged SBalinity

[
[
L ]
.
L]
L ]
.
L )
-
)
.

+ « Navigation & Station

Appendix

;’ Tesperature and Salinity Profiles for each Deep Station
Temperature and Salinity Profiles for each Shallow Station
T - 8 Diagrams for Combined Deep ard fhallow Stations
Vertical Temperature Curves from KT Slides 1-139.




PREFACE

This rapori. contains an analysis of the phyraical and chemical
oceanngraphic dats collected during the winter of 1960-1961 in the
Arctic Ocean f~zm the Arctic Research Laboratory's Ice Station
(ARLIS I). Twcluded in this report is a combined navigetional and
station location chart together with graphs of temperature, salinity,
and sigma-t. All of the bathythermograph slides have been reproduced

and are also included.

The investigations were carried out under the general super-
vision of Dr. Phil Church (Executive Officer, Department of Meteorology
end Climatology) and Dr. Clifford Barnes (Department of Oceanography),
both of the Uaiversity of Washington. Gecrge E. Brayton, Ocearographer,
directed the planning of the investigations, the field work on the
ice, the leboratory analysis of samples and the presentation of the
data. Dr. Kenneth Bennington assisted a great deal with the field

work and Mrs. Perla Brayton titrated all of the chlorinities.

Mr. Max Brewer, Director of the Arctic Research Laboratory,
Point Barrow, Alaska, had the primary responsibility for ths establish-
ment of a suitable winter camp on the polar ice pack aud for periodic
resupply of equipment by airdrop and occasional landings on the ice
floe by light aircraft.
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INTRODUCTION

The flonting ice station ARLIS i (Arctic Ressarch Lsboratory's
Ice Station No: 1) was occupied by scicutific persoanel from Scpteme
ber 10, 1960, until March 17, 1961, during which time it traveled
westward betw.en the 7hth aad 75th parallels of latitude more than
500 miles across the Beeuiort Sea north of Alaska. This is the final
report on the oceanographic work and contains all physical and chemi-
cal data collected during its occupation.

A comprehensive oceanographic sampling program was carried out
vhich included 118 stations to a maximum depth of 1200 meters, and
139 casts with a bathythermograph capable of recording temperatures
to a depth of 900 feet.

Temperatures have been corrected for all reversing thermometers,
thermometric depths computed, salinities titrated, and sigma-t values
hava been computed for all of the oceanographic stations. The geo-
potential anomalies in dynamic meters have been computed for all of
the dsep stations (1200 meters, or to the bottom when depths were less
than 1200 meters) along the course of the drift.

Observed data for all stations together with interpolated and
couputed dat.a for deep stations have been tsbulated and are presented

in this report in the Data Tables (see Part II).

A vertical graph of temperature and salinity and a diagram of
temperature plotted against salinity, with curves of sigma-t have becn
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presented for each oceanographic station. Vertical profiles of temp-
erature and salinity from 4 meters to 1200 meters depth along the
track of ARLIS I, enlarged temperature and salinity profiles of a
layer of water between 4O meters and 150 meters and each bathythermo-
graph slide have also been drawn and included in this report.

The pwrpose of the oceancgraphic investigations in the Arctic
Ocean was to accumulate as much physical and chemical data as possidble
during the winter months to supplewment existing knowledge, and specifi-
cally to sample in detail a warm layer of water believed to exist
between 4O and 150 meters depth.

This work was supported by the Office of Naval Research under
Contract Noar LT7(2hk),Task Order 307-252, through the Department of
Meteorology and Climatology of the University of Washington.



PREPARATION AND ESTBLISHMANT OF TR ICE STATION

The Arctic Research Laboratory's Ice Station No. 1 (ARLIS I)
was the fourth floating ice station established and meintained by the
United States Governmsnt for scientific research in the Arctic Ocean
area. The first three ice stations were established and supported dy
the U. 8. Air Force by the use of aircraft. ARLIS I was a departure
in ice station logistics; it was established by the U. 8. Navy with
the use of the USS Burton Island. All of the buildings, heavy oper-
ating equipment and the majority of supplies needed for seven msn to
live six months were transported by the Burton Isiand to the ice floe
in ons trip. Thereafter, it wvas believed any supplemental equipment
or supplies could be delivered to ARLIS I from Point Barrow by the
use of the Arctic Research Lsboratory's light aircraft (Cessna 180's).

Equipment and supplies were loaded aboard the USS Burton Island
at Point Barrov between September 1 and September 3, 1960. The ice-
breaker then sailed easterly close to the Alaskan and Cansdian coasts
to avoid beavy ice. Upon reaching an area to the southwest of Banks
Island, the Burton Island then sailed northerly to a point off Banks
Island at about 75° N. The ship then entered the ice pack and steamed
westerly in search of a suitedble floe on which to set up a camp.

On September 10, 1960, an adequate ice floe wvas located at
sbout 75°07' and 135°16', and off-loading began. All of the scientists
and crew members that could be spared took part im unloading the ship
and building the camp. Most of the camp comstruction work was completed
on September 12, and the Burton Island prepared to depart for Point
Barrow. 4.



Seven msn were left on the ice floe to complete construction
of the camp and to cairy out scientific investigations. They wure:

Dr. Kenneth Bennington, University of Washington,
ice physicist and station lesader;

Dr. Charles Knight, University of Washington,
ice physicist and assistant station leader;

Mr. George E. Brayton, University of Washington,
oceanographer;

Mr. Arnold Hanson, University of Washington,
micrometeorologist;

Mr. Robert Ditzler, University of Washington,
micrometsoroiogist snd radio operator;

Mr. John Tibbs, University of Southern California,
marine biologist;

Mr. Frank Akpik, Arctic Research Laboratory,
camp meintenance.

The oceanograrhic installation, vhich consisted of the oceano-
graphic hut, two winches, and a four-foot square hole through the
twelve-foot thickness of ice, was not completed until September 25th.
The first oceanographic observations ware made on September 25, 1960,
and were continued at closely spaced time intervals until the station

was abandoned on March 17, 1961.

The tracks of the four American ice stations, their areal
relationshfp to each other, and their approximate coverage of the
Arctic Ocean north of Alaskae and Canada are shown in Figure 1. The
course taken by each ice station is an indication of the anticyclonic
pattern of circulation believed to exist in this part of the Arctic

Ocean.
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The track chart of ARLIS I from September 25, 1960, until
March 17, 1961, is shown in Figure 2. All oceanogrsphic stations are
included, and an occasional navigational position has been indicated.
For detailed navigational information, see Table 3 of this report.
The line along vhich the temperature and salinity profiles were con-
structed has been indicated on Figure 2.

Oceanographic observations were conducted by George E. Brayton
between September 25, 1959, and December 7, 1960, at which time he
returned to the Arctic Research Laboratory to supervise the reduction
of data and salinity titrations. Field sampling was countinued by
Dr. Kenneth Bennington until March 11, 1961, shortly before the
station was abandoned.

METHODS OF FIELD SAMPLING

A special plywood work hut was constructed over a four-foot
square hole through the ice, the use of vhich was shared by the oceano-
grapher and the marine biologist. The hut contained a large and a
small winch, tripod, stove, Nansen bottle rack, and a drying area for
plankton nets.

The large winch became inoperative at a very early date and
could not be used for the remsinder of the occupation of the ice
station. A small electro-hydraulic winch with 1200 meters of wire
vhich had been taken along in reserve proved adequate for all oceano-
graphic and biologicel sampling to that depth.

.



It was believed that a warm layer of water of possible
Bering Sea origin might be pre-ent in the Beeufort Sea between LO
and 150 meters depth, and detailcd raipling throughout this layer was
desirable. The warm layer was located by bathythermograph, and the
following sampling procedure was adopted and followed vhenever possible.
A bathythermograph cast was made to a depth of 900 feet. The resulting
slide wes inspected visually to ascertain the depth of significant
temperature fluctuations to determine vhether the standard intervals
of the Nansen Bottles should be altered to adequately cover any changes
in the profile. Next, an oceanograp:ic station would be made with the
bottles placed to cover temperature fluctuations (in most cases, standard
depths were adequate) from just below the ice at four meters to a depth
of 1200 meters. Two casts were made, one from four to two hundred mete:s
and the other from two hundred fifty to twelve hundred mesters. The
deeper cast was usually made first as storms occasionally arocse
suddenly, meking & deep cast very difficult.

Unprotected thermometers were placed at the 100, 200, 300, 500,
800, and 1200 mster levels. Later, as a further check of depth calcu-
lations, two unprotected reversing thermometers were used at some of

these levels.

A shallov, more detailed station which sampled the warm water
layer at five meter intervals followed each deep station except in a
fev instances in early October, 1960. The shallow (5 meter interval)
stations at first covered depths between LO and 95 meters until station

28 on October 26, 1960, when the depth range of sampling was increased
-7-



to 40-135 meters. When a shallow station was made after a deep
station, the data from the two stations was combined in one
diagram; therefore, depths such as 50, 75, and 100 meters were not
repeated on the shallow station. Often one depth, such as forty
meters, was sampled on both stations to help in comparing the data

later.

Eech pair of deep and shallow stations was always concluded
with a bathythermograph cast.

Salinity
Salinity samples were bottled and labelled and stored in

a wvarm place awaiting shipment to Point Barrow for titration.

Resupply aircraft from Point Barrowv were expected to arrive
at ARLIS I by early November, but because of bad flying conditions
were not able to make the trip until November 23, 1960. The
supply of chlorinity bottles was exhausted on station LO,
November 7, 1960. It vas decided to continue measuring temper-
atures, however, as all types of winter dats in this part of the
Arctic Ocean are badly needed. Therefore, no chlorinity samples
were collected for stations 41-50, for a period of almost two weeks.

During the transport of chlorinity samples to the Arctic
Research Laboratory by light plane, some bottles were broken due
to freezing, but in spite of the extremely cold weather encountered,

loss by freezing was small.

Temra.ture

Temperatures were recorded and corrected as they were
8.



obtained. At frequent intervals they were compared with the BT
trace to spot any erratic behavior in the performance of the

reversing thermometers.

Cxygen
Ori;inclly 1t had been plauned to titrate oxyszen samples

on ARLIS I, out the necess.ry ;lassware wus misplaced durin; the

loading or unloading of the Burton Island and never arrived on

the ice station.

Depth Sounding and Bottom Samples
Depth measurements were impossible throughout most of the

life of the station because there was no workable echosounder on
the ice station and the oceanographic winch carried only 1200

meters of wire, vhereas the depth of water throughout most of the
trip is believed to have been about 3500 meters. For this reason

nc bottom sampling was possible.

Towards the middle of January, 1961, ARLIS I drifted into
shallower water and it was possible to make some depth measure-
wents with the 1200 meter winch. Depths in this area varied from
747 weters at station 81 to between 4LOO and 450 meters from station

85 to 118,

Current Measurements

Current measurements were attempted several times, but
without much success. A Japanese made Ekman-Marz current meter was
used; some of the drawbacks of using this type of instrument under
Arctic conditions became immediately apparent. Curreat directions

are determined with the Ekmen-Merz current meter by a magnetic
-9-



compass, Most of the area traversed by ARLIS I is extremely
unrelisble magnetically, as far as horizontal directions are con-
cerned, and the directional information obtained is of questionsble

value.

Because the oceanographic hut could not be heated adequately,
the current meter clocking mechanism, shot chambers, etc., would
freeze solidly every time the instrument was taken out of the water
for a reading. It would then have to be thawed out over the stove,
vhich was very time consuming and could very easily damage the
instrument. The Ekman-Merz current meter was used only on the
varmest days, wvhich were very few, and the results obtained were
not considered very reliable. The results of current observations

are presented in Table 5.

An attempt is being made to interpret the results of the
current cbservations, and they may be published at a later date.

MBTHODS OF DATA ANALYSIS

No analysis was attempted on the ice station except for an
occasional check of the temperature measured by the reversing thermo-
maters against thoss from the bathythermograph slides. All field log
sheets and chlorinity samples were shipped by air to the oceanographic
laboratory which had previously been set up at the Arctic Research

Laboratory at Point Barrow.



At the laboratory, all protected and unprotected reversing
thermomreter readings were corrected, and the salinities were titrated.
Dynamic depths were computed and sigma«t values were dstermined as
rapidly as the salinity data became available. The anomalies of
specific volume and the geopotential anomalies in dynamic meters
were computed and all of the diagrams were constructed at the Departe-
ment of Oceanography of the University of Washington. In most cases,
a deep station (4 - 1200 meters) using standard depths was followed
imrediately by a detailed station sampling the layer between 40 and
150 meters at 5 meter intervals. Vertical distribution curves of
temrerature and salinity were constructed for each station and are
included in this report. When a standard deep station and a detailed
aetation were associated with each other, the data was combined on
the curves and both station numbers appear on the drawing. The data
from the combined stations has been plotted on temperature-salinity
diagrams also.

DESCRIPTION OF PHYSICAL PROPERTIES

Distribution of Temperature

The vertical temperature profile from 4 to 1200 meters along
the track of ARLIS I 18 given in Figure 3. (Location of profile is
shown on Figure 2.) The profile lies between 74° N - 75° N and 140° W -
170° W. The water just below the four meter thick ice was considered
the surface layer. Surface temperatures were at all places only slightly
above the freezing point of sea water. Along the eastern part of the
track, and earlier in the season, surface temperatures were between

-1.56° C and -1.60° C. As the season progressed and ARLIS I drifted



further west, surface temperatures decreased slightly to a low of
=1.65° C betwsen stations 33 and 56 (during the month of November).
From this point west to station 67 (26 December 1960), the surface
temperatures increased to a high of -1.43° C at station 67. Between
stations 67 and 105 (21 February 1961), surface temperatures were
between -1.50° C and -1.50° C decreasing towvards the west. From

21 Pebruary 1961 (station 105) to the snd of the track on 11 March
1961 (station 117), surface temperatures further lowered to between
«1.61° C and -1.72° C.

The temperature of the water at 50 meters depth decreased
more rapidly than that of the surface layer from the middle of
Jenuary to the middle of March (stations 81 to 117), being every-
vhere measured less than -1.61° C and reaching a low of -1.75° C on
2 March 1961 at station 111.

The upper 150 meters of water exhibited the same general
temperature characteristics aiong the entire ARLIS I profile. (See
vertical temperature distribution curves.) The very surface layer
wag slightly above the freezing point for its salinity, below this
there vas slight cooling which was especilally pronounced in the
western erd of the profile. Below about 40-50 meters depth, the
water increcsed in temperature, reaching a maximum of =1.0° C in the
east and -1.5° C in the west at 75 to 80 meters depth. Below 80 meters
the water cooled to minimum temperatures of from greater than ~1.4° C
in the east to less than -1.6° C in the west at about 150 meters depth.
As stated above, this gereral structure was maintained along the whole
profile from east to west while the entire system cooled aomewhat
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(except for the surface layer) as vinter progressed. The coeling
of the layer at 4O - % meters depth became more pronounced than the
cooling of the waters ebove end belov. (Bee Pigure 4 for dstail of
tesperature between 40 and 1%0 meters depth.)

The water below 150 meters depth gradually varmed to a maximm
of from +0.48° C to +0.%0° C at & depth of about 500‘1:0“ Below
500 weters, the tempersture decreased until values of -0.19° C or
«0.20° C ware reached at a depth of 1200 meters. The temperature
profile between 150 meters and the deepest layer sempled at 1200
mters varied to such a minor degres that it may be essentially
considered constant along the entire ARLIS I track.

An enlargewsnt of the tenperature distribution between L0 and
1%0 meters depth is shown on Pigure 4 (vhich was drswn along the seme
profile as Figure 3) and on the vertical temperature distribution
curves of the detailed stations. This layer was sanpled at five
meter intervals and enlarged in order to give greater detail of the
very interesting temperature structurs observed there. The isotherms
presented in Figure 4 warmer than -1.4° C have arbitrarily been
drawn heavier than those colder than -1.4% C to better illustrate the
gradual cooling of the entire layer and the "tongue-like" oonfigurs-
tion of the warm layer vhich developed between September and March as
ARLIS I traveled from 140° West to 170° West longitudas.

13-



Distribution of Salinity

The distribution of salinity with depth (4 - 1200 meters)
along the seme line used in constructing the temperature profiles
is showm in Figure 5.

The surface salinity had a maximm variation of about 2.50
©/00. The highest salinity values occured in November in the region
of station 51 and the lowest in January near station 75. Proceeding
along the ARLIS I salinity profile from east to west, we found that
surface salinities of slightly less than 29.0 %/oo on the eastern
end of the profile gradually increased to a maximum of 30.1 ©/co at
station 51 (74°03.3'N, 152°10.0'W), and then gradually decreased to
a ninimm of 27.6 ©/oco at station 75 (74°35.3'N, 162°42.5'W).
Continuing on westward from the area of the minimum surface salinities,
values gradually increased again until a salinity of 29.7 ©/oo was
observed at station 117 (74950.5'N, 167°07.0'W) in the middle of
March, 1961.

Vertical salinity distridution was very constant throughout
the track of ARLIS I during the winter season 1960-61. The greatest

variations observed were those of the surface layers noted above.

A surface layer of isohaline or nearly isohaline water was
present at most stations which varied from about 30 meters thick at
the eastern end of the track to about 10 meters thick near the western
end of the track. Below the isohaline layer, a strong halocline was

present at all stations. Salinities increased sharply from 28.0 ©/oo
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or 30.0 %/oo to 34.0 °/oo or 4.5 ©/0o between the surface layer and
250 meters depth From 250 meters to 40O or 500 meters the salinity
increase was slight, usually increasing from 34.% ©/00 to & maximm
of about 34.9 ©/co. From 40O or %00 meters to 1200 meters depth the
salinity values remained very constant at 34.88 ©/00 or 34.90 ©/00.

Salinities were cbtained and plotted at five meter intervals from
a depth of LO meters down to 150 meters. The vertical salinity
distribution within this layer has been enlarged for greater detail
and plotted along the same profile as Figures 3, 4 and 5. This
enlargsd salinity profile is shown in Figure 6.

A PRELIMINARY DISCUSSION OF THE OCBANOGRAPHY

The Navy Hydrographic Office (1958) compiled a chart illustrating
all of the known drift patterns of the various ships and ice stations
in the Arctic Ocean. From a study of this chart it is believed that
the drift of these ships and ice stations conforms to the direction of
surface current flow. The drift patterns within the Beaufort Sea,
between Alaska-Canada and the North Pole, indicate the presence of a
large anticyclonic gyral. Coachman and Barncs (1961) studied the
Besufort Sea circulation in more detail and they pointed out, on page
151, that the dynamic topography of the Beaufort Sea "is in excellent
agreement with the cbserved drift of ice, both as to direction and
velocity."

The drift track of ARLIS-I crossed the southernmost portion (the
east to west current movement)of the anticyclonic Beaufort Sea gyral.
The characteristics of the overall drift pattern of ARLIS I and the
wvater colums studied as the area was traversed are consistant with

conditions reported previously by other investigators in the area.
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Based on the drift of ice stations T-3, Alpha and Charlie
to vhich the drift of ARLIS I has been added, FPigure 1 illustrates
the location of the Beaufort Sea gyral and shows the relative areas
of investigation wvhich each floating ice station has covered.

ARLIS I arfited a total of sbout 920 miles in 174 days; this
was an average velocity of 12.4 cm/sec. Soms of this movement vas
undoubtedly due to the effect of local winds which at times were very
strong, but the dominant westerly drift of the ice floe is believed
to be related to the currents of this section of the Beaufort Ses
gyral. The total westerly component of movement was sbout 540 miles
in 174 days. This was an average westerly velocity of 6.6 cm/eec
from start to finish. The measured average velocity of 6.6 cn/sec
agreed perfectly with the velocities derived from the dynamic top-~
ography of Coachman and Barnes (1961, p. 1%2).

From an examination of temperatures, salinity and sigma-t
diagrams in this report, a number of structural features are spparent.
There appear to be three distinct types of water readily distinguish-
able from the diagrams which are descrided below in soms detail.

A surface layer of Arctic water extends down to about 40O
meters. Temperatures in this layer are just above freezing and
salinity values are relatively low (27.6 - 30.1 ©/o0)- One
would expect temperatures to decrease and the low surface salinities
of early fall resulting from dilution by swmer melt water, to
increase as the winter season progressed. This appears to be the

case for the period from September through November because surface
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salinities increased from 29.0 to 30.1 .9/vo, , and temperatures
decreased from -1.56° C to -1.6%° C by the end of November. During
the month of December, however, vhen freezing wvas very active, sur-
face salinities decreased to a low of 27.6 ©/00 " and temperatures
increased to a high of -1.43° C. Later, in January, salinities
began to increass and temperatures to dscrease once more and con-
tinued until salinities reached a value of about 25.7 ©/go =~ and
temperatures were lovered to -1.72° C by the middle of March.

Gast (19%) also noticed this reversal in the expected sur-
face temperature - salinity trend on Station Charlie. He postulated
that advection of dilute surface waters into this area may be greater
than the rate of {reezing.

In the layer from 200 or 250 meters to 1200 meters depth the
wvater column was very similer at all stations occupied. Salinities
gradually increased to about 34.C Q/o0  and the temperature of the
vater warmed to a maximum of 0.5° C at 500 meters. Below the depth
of 500 meters, salinity was very stable, remaining at about 34.9
©/00 all the way to 1200 meters, and the temperature decreased
slovly reaching 0° C at 1000 meters and a minimum of about -0.2 © C
at a depth of 1200 meters. The concensus of opinion (e.g. Nansen,
1902; Timofeyev, 1957, 1958; Coachman and Barmes, 1961) is that this
layer of water is definitely of Atlantic origin. The deepest water,
vith temperatures less than 0° C, is also of Atlantic origin and
believed to be "formed only during winter and only in limited geo-
graphic areas in the Norwegian Sea" (Coachman and Barnes, 1961, p.1%0).

17



Separating the surface and Atlantic layers descrided sbove
vas a third layer of wvater. It is hereafter referred to as the
intermediate layer. The intermsdiate layer was characterised
by a temperature maximm and minimum and a very strong halocline
and pycnocline. The water oolumn between 4O and 14O msters depth
vas saxpled at 5 meter intervals whanever possible and enlarged
cross-sections of temperature and salinity are included in this report
(Figures b and 6). Prom about 30 or LO meters depth, the tesperature
incressed repidly, reaching s maximm of -1.0°C in the east and

=1.5°C in the west at 75 or 80 meters. The temperature then decreased
sharply tosainimum of slightly warmer than -1.U°C in the east and
less than -1,6°C in the west at about 150 or 200 meters.

The temperature differences vithin this intermediate layer were
not great (less than 0.5°C), but they persist throughout the entire
track of ARLIS I, There was a very strong halocline in the inter-
mediate layer vhere salinities increased from 28 or 29 °/oo to
3% or 34,5 °%/co. In this area, salinity controlled the distribution
of density thus the strong halocline gave rise to a very strong
pyenocline,

Sigma-t valuss in the intermediate layer fell between 25.0 and
27.0. (See T-5 disgrams in Appendix of this report)

Coschzan and Barnes (1961) have noted this layer previously
and discussed it at length in their paper. After a thorough study
of the characteristics peculiar to the intermediate layer, they have
come to the conclusien that it is formed by advection of water from
the Bering Sea through the Chukchi Sea, mixing with the Siberian
shelf waters as it traveled north and eventually joined the Beaufort

Sea gyral northwest of Point Barrow.
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Coachman and Barnes (196, p. 158) believe the entire
layer of intermediate water had a similar geographic, dbut a
different seasonal origin; that is, the water of the shallow
temperature maximum at 75 to 80 meters "originates as summer
Bering Sea water, and the water of the temperature minimm at
1% meters may, in part, originate and be maintained by mixing
appropriate amounts of Bering Sea water with shelf water. In this
case, bottom shelf water would mix with winter Bering Sea wvater,
and the resulting mixture would be denser and lie below the water
of the shallov temperature maximm in the Beaufort Sea gyral."”
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